Coronary artery disease (CAD) risk factor profiles change over time. The death rate from coronary disease has been decreasing mainly due to changes in levels of risk factors, and improvement in CAD treatments.
How did the study come about?
Coronary artery disease (CAD) risk factor profiles change over time. The death rate from coronary disease has been decreasing mainly due to changes in levels of risk factors, and improvement in CAD treatments. 1 However, there are risk factors, whose prevalence is increasing, such as diabetes and obesity. 2 When the risk factor profile changes, we can assume that gene profiles and epigenetics also change. 3 This has not been studied widely. The Corogene study was designed as a large cohort to study mainly CAD, but also other related heart diseases such as heart failure and aortic valve disease. We selected the patients from the CAD point of view, and decided to include over 5000 consecutive patients assigned for coronary angiogram. In Finland, coronary angiogram is performed to practically all patients assigned for invasive heart examination. Despite technical developments in diagnostics, coronary angiogram is still the gold standard for evaluating coronaries. 4 The purpose of this study is to follow contemporary trends in coronary heart disease, and related heart disease risk factors, genetics and epigenetics by collecting cohorts referred to heart examination. New cohorts will be collected at 5-year intervals in order to see trends in CAD, its risk factors and epigenetics.
What does it cover?
The objective was to increase our knowledge of (i) how genetics and epigenetics affect the development and degree of heart diseases, (ii) use of medication over time: what and how often medications are prescribed, (iii) what is the adherence over time to medication and how it affects morbidity and mortality, (iv) pharmacogenetics; who benefits from the use of medication, (v) to uncover the inflammatory pathways linked to these diseases and (vi) finally, contemporary trends in morbidity, mortality and risk factors in patients assigned to coronary angiogram.
Who is in the sample?
The Corogene study is a prospective cohort study where 5000 consecutive Finnish patients assigned to coronary angiogram in the region of Helsinki University Central Hospital are included. The goal was to study more than 5000 patients in the first cohort, which was achieved during a 20-month period (June 2006 to March 2008). A new cohort of 5000 patients will be collected every 5 years within a period of 12 months in order to study the trends in heart disease and coronary risk factors. The next cohort is scheduled to be collected in 2013.
The Hospital District of Helsinki and Uusimaa comprises a population of 1.5 million, and includes four hospitals with coronary angiogram laboratories, three of which (Helsinki University Central Hospital, Jorvi Hospital and Peijas Hospital) are supervised by the Helsinki University Central Hospital. The fourth unit is in a private hospital. During the study period, over 4800 coronary angiograms were performed annually within the region. Helsinki University Central Hospital covers 75%, Jorvi Hospital 16%, Peijas Hospital 4% and the private hospital 5% of these angiograms. ST-elevation myocardial infarction patients are referred exclusively to Helsinki University Central Hospital. During off-duty hours, the region sending ST-elevation myocardial infarction patients for angiogram is wider; it includes about two million inhabitants.
Criteria for inclusion
Patient was assigned to coronary angiogram. Finnish origin was required for follow-up reasons. Criteria for exclusion comprised: non-Finnish origin, previous heart transplantation, low haemoglobin or previous blood transfusion during the same hospitalization. Of the excluded patients, we registered sex, age and the reason for exclusion.
Participation rate for the study was very high: 93.4% of consecutive patients of Finnish origin were included. For patient recruitment see Figure 1 .
For further evaluation, the patients were assigned to four groups as follows: (i) Patients without significant CAD ('non-CAD' patients). Angiograms were performed on these patients for diagnostic reasons. These patients had stable or atypical chest pains, valvular heart disease, cardiomyopathy or other conditions requiring diagnostic coronary angiogram. At examination the coronaries were either completely normal or there were non-significant obstructions (450%). (ii) Patients with stable CAD with 450% stenosis in at least one coronary artery. 5 (iii) Acute coronary syndrome (ACS) defined as an episode of typical chest pain for ischaemia, and 450% stenosis in at least one coronary artery. These patients were classified as having unstable angina, non-ST-elevation myocardial infarction or ST-elevation myocardial infarction according to ischaemic ECG changes, and elevated levels of a cardiac biomarkers. 4 Those patients who had clear symptoms and ST elevation, but no significant coronary obstructions (450%) were still considered as ST-elevation myocardial infarction patients, if they had large cardiac enzyme release (n ¼ 7): (creatine kinase-MB mass 450 mg/l). (iv) Patients with other ischaemic event defined as an ACS-like episode of chest pain with or without ischaemic changes in ECG, and without significant (450%) CAD and elevated levels of cardiac biomarkers. This group included patients with type 2 myocardial infarction 6 and conditions with troponin elevation without overt ischaemic heart disease such as myocarditis and apical ballooning syndrome.
How often have they been followed up?
Nationwide registers in Finland are used for follow-up of the subjects. We have a link to the national Hospital Discharge Registry maintained by the Ministry of Social Affairs and Health, 7 where date of every hospitalization in Finland has been filed. At this point, we have follow-up information till the end of 2008. The cause of death statistics are obtained from Statistics Finland in Helsinki. This registry covers deaths and causes of deaths of all Finnish residents. 7 The follow-up covers information from the beginning of the study up to 5 May 2010, median follow-up being 36 months (range 25-48 months). The information of medication usage is based on the Finnish prescription register maintained by the Social Insurance Institution of Finland. 8 This registry covers, at this stage, all patients' medication purchases from 1 January 2005 (41 year before the initial hospitalization) to 31 March 2009. Information from all of these registries and of all patients will be collected at 1-, 5-, 10-and thereafter at 5-year bases. New cohorts will be followed up similarly.
What has been measured?
Each patient filled a two-page questionnaire, which included anthropometry (height), medication, heart symptoms (which kind and for how long, rhythm problems), other diseases (hypertension, diabetes, hypercholesterolaemia, claudication, brain insults, myocardial infarctions) and heart diseases or sudden death of relatives (who, when, at what age and which disease). A computerized database was used for the collection of extensive information from hospital records. Trained nurses, supervised by physicians, collected the information from hospital documents (patient records and coronary-angiogram database). All relevant information on previous medical conditions, medication used, cardiovascular risk factors, laboratory measurements, coronary angiography, ECG, echocardiography and thorax X-ray was collected (Table 1) . After completing the Corogene registry, the data were crosschecked with several methods, for example, by using the Finnish prescription register to check how many patients had bought statins before initial coronary angiogram. This number was compared with the Corogene-registry numbers of statin users. Contradictive cases were re-evaluated.
Weight was measured during hospitalization and height was asked from the patient. Body mass index (BMI; kg/m 2 ) was calculated from these values. Patients were considered as having hypertension, dyslipidaemia or diabetes (insulin dependent and non-insulin dependent combined), if they (i) had medication for these disorders or (ii) were told previously by a doctor that they suffer from these conditions, but had refused to use medication prescribed.
Individuals were defined as current smokers if they smoked tobacco during the previous 6 months or had quit smoking within the past 6 months. Those who had quit smoking 46 months ago were defined as ex-smokers.
Information on prior myocardial infarction, cardiomyopathy, arrhythmia, other vascular disease symptoms, other co-morbidities and vascular operations was obtained from patient history.
Information about prior percutaneous coronary interventions was obtained from the patients' cardiology data log. Coronary artery bypass graft (CABG) 
Patient questionnaire
Height, cardiac symptoms, duration of these symptoms, other vascular disease symptoms, other diseases symptoms, family history of heart diseases, medication in use: including over-the-counter use of pain medication, smoking, use of alcohol, drug abuse, dental health, allergies, special diets, social situation, home nursing
Patient records
Height, risk factors, prior cardiac diseases: including myocardial infarctions, arrhythmias, heart failure, pacemakers and prior cardiac operations, other operations, co-morbidities, medication Hospitalizations starting 51 year prior to index hospitalization Information requested yearly bases THE COROGENE STUDY surgery data were obtained from the surgery records of Helsinki University Central Hospital. This hospital is the only unit in the hospital district that performs CABG procedures. In a few cases when percutaneous coronary interventions or CABG surgery was done outside the Hospital District of Helsinki and Uusimaa, the patient history was used to confirm the operations.
Laboratory samples were drawn for gene, serum and plasma analyses from the arterial line during the angiogram. The blood samples were handled according to the laboratory standards of the Helsinki University Central Hospital (accredited laboratory). Altogether 70 ml of blood was drawn to EDTA (3 x 10 ml), citrate plasma (2 x 5 ml) and serum (2 x 10 ml) vacuum tubes.
Buffy coats for DNA and RNA extraction were taken from two fuged EDTA tubes. The third EDTA tube was used as whole blood for DNA extraction. EDTA plasma was separated and stored at À80C8 in six aliquots for plasma and for proteomic analyses.
Serum was stored in four aliquots and citrate plasma in two aliquots at À808C for later laboratory determinations, such as: lipids [total and HDL cholesterol, triglycerides, ApoA1, ApoA2, ApoB, Lp(a)], inflammation markers (high-sensitivity CRP, TNF-a, fibrinogen, complement system) and infection markers (antibodies against different pathogens).
Genome-wide association analyses
Of the Corogene cohort, 2500 patients with either ACS or previous myocardial infarction have been genotyped with the Illumina's Human 660 000 BeadChip that contains 660 000 markers in the Sanger Institute (Hinxton, Cambridge, UK). An equal number of controls, age-, geographical area-and sex-matched, has been selected from the FINRISK surveys 9, 10 for the genome-wide association studies.
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RNA extracted from peripheral blood leucocytes is used to discover the genetic and epigenetic changes and modifications of the genes associated with cardiovascular disease risk factors or the disease itself. The study of epigenetic modifications such as DNA methylation, acetylation and microRNAs regulating the gene activities might open novel tools for disease prevention.
Human leucocyte antigen analyses
Human leucocyte antigen-classes I, II and III genes are studied using the most suitable method for this region involving SSP-PCR, genomic real-time PCR or direct sequencing. Genome-wide association data of this area are used to obtain additional genetic information. These data are being used to study immunology of heart diseases.
Oral health
From the whole cohort, we selected a 10% random sample for complete clinical oral examinations.
We investigated the association between CAD and oral health concentrating mainly on the parameters describing periodontal diseases. The oral examination was performed 6 weeks but 46 months after the initial hospitalization by two specialized periodontists and one radiologist, since all patients had both clinical and radiographic oral examinations, which included collecting saliva and subgingival samples for bacteriological analyses. The present 506 subjects comprise a subgroup called Parogene. Our goal is to invite these 500 subjects to re-examination 5 years after the initial hospitalization to evaluate the role of periodontal disease activity and putative changes in the periodontal microbiota on CAD and recurrent ACS.
For 2200 consecutive patients, an aortic valve echocardiogram was done separately just before or after the angiogram for aortic valve calcification study.
What has been found? Key findings and key publications
A vast amount of data has been collected, checked and stored in a database, and is now available for evaluation. Patient collection and exclusion data are shown in Figure 1 . Baseline data are presented in Table 2 and Supplementary Tables S1 and S2 . Several manuscripts are in preparation issuing different aspects of the use of medication, reasons for death/death rate and genetics.
At the moment, the Corogene study has been used as a replication cohort in several large genome-wide association study consortia. [11] [12] [13] [14] [15] [16] [17] These studies have revealed several new genetic loci of CAD, human height, weight, BMI and haematological parameters.
What are the main strengths and weaknesses?
The main strength of the study is the large population, and the quality of the data. The Corogene study is a very large, coronary angiogram-evaluated cohort. The coronary status information is solid with a potential to provide important insights into the mechanisms of CAD. An extensive amount of information has been registered in the baseline. We have an excellent estimation of eligible patients for the study, and our sample covers 491% of all eligible patients. The follow-up registers (Hospital Discharge Registry, Finnish prescription register and death statistics of Statistics Finland) in Finland are comprehensive, covering virtually all Finnish patients. Cumulative data of cohorts to be collected will not only increase the size of population, but also give depth to the data, answering the questions of possible risk profile and epigenetic changes. 
THE COROGENE STUDY
The main weakness of the study is a collection bias. The method used rules out patients passing away before hospitalization. We have overcome this problem by collaborating with the Department of Forensic Medicine, where all patients who have died outside the hospital without diagnosis are autopsied. Also, we do not get the full picture of coronary disease, because we do not see the patients left who receive only conservative treatment. Generalization of the study findings is limited to White Caucasian subjects.
Another weakness is the self-reported data. We did not measure patient height, although the weight was measured. Smoking habit was also based on the history and therefore ascertained with some error. Other risk factors such as hypertension, diabetes and dyslipidaemia were both self-reported and obtained from hospital records. The reason for that was to crosscheck self-reported data and to verify its reliability.
A third weakness is in the genome-wide association study. Our initial plan was to use a case-control design, which is potentially open to confounding if risk factor information is collected in a different way between cases and controls. Now we have the possibility to overcome this problem by using over 15 000 Finnish individuals from population-based controls.
Can I get hold of the data? Where can I find out more?
